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ABSTRACT 

At the faint end of the deepest X-ray surveys, a population of X-ray luminous 
galaxies is seen. In this paper, we present the results of a cross-correlation between 
the residual, unresolved X-ray photons in a very deep X-ray survey and the positions 
of faint galaxies, in order to examine the importance of these objects at even fainter 
flux levels. We measure a significant correlation on all angular scales up to '^1 arcmin. 
This signal could account for a significant fraction of the unresolved X-ray background, 
approximately 35 per cent if the clustering is similar to optically selected galaxies. 
However, the angular form of the correlation is seen to be qualitatively similar to 
that expected for clusters of galaxies and the X-ray emission could be associated with 
hot gas in clusters or with QSOs within galaxy clusters rather than emission from 
individual faint galaxies. The relative contribution from each of these possibilities 
cannot be determined with the current data. 
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1 INTRODUCTION 

The nature of the sources and emission mechanisms that 
contribute to the cosmic X-ray background (XRB) remains 



one of \\iti major queaUouH lu aHLropliynlcH. Deep aui'veyy, 
partii 



ticulaily wiLli Lite ROSAT saLelliLe, have lesulved a siguif- 
icant fraction (~50 per cent) of the XRB, with optical iden- 
tification of the sources enabling cla s sification of much o f 
the emission (eg JM'^Hardy et al. 1998| , [Schmidt et al. 1998| ), 
but a number of important questions still remain. From cur- 
rent surveys, it is seen that at least 30 per cent of the X-ray 
backgrc 



uud 



can be aLLrlbuLed Lu bruad-llue QSOs, buL Lhe 
steep ) 4-ray spectra of QSOs does not match the shallow 
spectrum of the residual XRB. Therefore, a population of 
faint X-ray sources with flatter spectra is required to make 
up much of the remainder of the XRB. 

At the faint end of the deepest surveys just such a pop- 
ulation is emerging with increasing numbers of X-ray lumi- 
nous galaxies with narrow optical emiss ion lines (NELGs) 
(|M'^ Hardy et al. 



1998 



Boyle et al. 1995). However, current 



surveys are only just beginning to see significant numbers of 
such objects at their faintest limits and so the significance of 
these new objects to the XRB as a whole is highly uncertain. 
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One can get deeper than the resolution limit of sur- 
veys by looking at the correlation between the unresolved 
regions of a deep X-ray survey and the positions of a popu- 



lation of put ative X-ray sources, in this case galaxies. Roche 



et al. (1995) use such a cross-correlation method to show 



that faint galaxies are a significant contributor to the un- 
resolved fiux in three deep RoSAT PSPC observations (two 
of ~25 ksec, and one of ~50 ksec). After the removal of re- 
solved sources, they find a highly significant detection (~5(t) 
in a correlation between the X-ray photons (0. 5 - 2.0 keV) 



and th e positions of 18<B<23 mag galaxies. In Roche et al. 
( 19961) they repeat the calculation using a slightly deeper X 



ray observati on (74 ksec). In their an alysis, they apply the 
formalism of Treyer and Lahav (1996) to model the cluster- 
ing and evolution of the population of X-ray sources, in an 
attempt to correct for contamination to the cross-correlation 
signal due to clustering of the sources. Although a significant 
signal is again seen, the uncertainties in the assumptions re- 
quired by the method mean that they are unable to draw 
any firm quantitative conclusion about the contribution to 
the XRB from faint galaxies. Nevertheless, an extrapolation 
of their results to high redshifts implies that ~ 30-50 per 
cent of the total 0.7-2.0 keV X-ray background might be 
due to emission from faint galaxies. 



Another analysis by Almaini et al. (1997) using three 
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PSPC observations (each of ~50 ksec) also shows a sig- 
nificant signal. T hey again apply the formalism of Treyei 



and La' lav 



(1996), with modifications to compensate for the 



point spread function of the PSPC, and an extrapolation 
to high redshift gives a contribution to the XRB from faint 
galaxies of ~ 40 ± 10 per cent. However, they note that this 
estimate has a strong dependence on the assumed evolution, 
distribution and clustering properties of the galaxies. 

On a wider scale, but with shallower observations, 



Soltan et al. 



(1997) correlat e the positions of galaxies with 
' Schmitt 1990|) and 



the ROSAT All-Sky Survey (Snowden 



(1997) 



find a. si milar signal to Roche et al. ( 1996 ) and 



Almaini et al. 



In this paper we correlate the positions of faint galaxies 
with a very deep PSPC X-ray observation (115 ksec). In 
this observation, a significant fraction of the resolved X-ray 
background phot ons are directly asso ciated with galaxies 



(the NELGs - see M'^ Hardy et al. 199^). Therefore, not only 



will a cross-correlation analysis enable us to probe further 
into the unresolved XRB than previous studies, but it will 
provide a test of whether the contribution to the XRB from 
galaxies extends to significantly fainter fluxes than the limits 
of shallower surveys or whether they contribute only over a 
relatively narrow range in flux. This will give us a clearer 
idea of the nature of the contribution of NELG-like objects 
to the XRB. 

In section H we describe the X-ray and optical data used 
in this study and give details of the cross-correlation method 
employed. We also highlight some of the problems associated 
with attaching a significance to the results and describe the 
simulations we have used to determine accurate error esti- 
mates. In section ra we present the results of applying the 
cross-correlation using galaxies from a selection of magni- 
tude ranges. The possible implications of these results are 
discussed in section m and we present our conclusions in sec- 
tion 0. 



2 D ATA AND ANALYSIS 



The X-ray data used in this analysis com e from the UK 
RoSAT Deep Survey described in detail in jM^Hardy et al. 



(1998) and Branduardi-Raymont et al. ( 199^ ). The data 



consist of a total of 115 ksec of RoSAT position sensitive 
proportional counter (PSPC) observations of RA 13 34 37.0 
Dec -1-37 54 44 (J2000), a region of sky selected because of 
its extremely low obscuration — Nh ~ 6.5 x lO^^cm"^. 
Only the inner 15 arcmin radius of the PSPC field of view 
is used in this study, where sources have been detected and, 
in many cases, optically identified down to a flux limit of 
2 X 10"^^ erg cm~^ s~^ (0.5-2 keV - aU fluxes in this paper 
will refer to this band) , resolving approximately 50 per cent 
of the cosmic X-ray background (XRB). 

In this analysis, we wish to study the unresolved com- 
ponent, so these sources must be "masked out". Because 
of the large range of brightnesses in the survey (up to 
4.8 X 10"" erg cm"^ s"^), and the variation of the PSPC 
point spread function over the image, a flxed mask size is in- 
appropriate. We therefore use a gaus sian approximation to 
the PSPC point spread function from JHasinger et al. 1(1991: 



to select a mask radius for each source that leaves a resid- 
ual of ~0.1 photons, assuming that it is a point source. For 




Figure 1. The galaxy selection criteria for the objects found on 
the R-band CCD images. The points are the objects detected by 
the PISA software system, the cross-hatched regions show those 
areas excluded by the upper and lower magnitude limits and the 
diagonally-hatched region indicates those objects rejected because 
they are point-like. The objects well above the line of stellar ob- 
jects are cosmic ray defects in the images. All objects outside the 
hatched regions are included in our analysis. Only a random sub- 
sample of the detected objects has been shown here for clarity. 



an on-axis source at the detection limit, this gives a mask 
radius of 29 arcsec and excludes 99.5 per cent of the source 
photons. 

The galaxy identifications are taken from deep R-band 
CCD imaging of the survey region, using the University of 
Hawa ii 8K x 8K CCD array ( VIetzger, Luppino and Miyazaki 



1995) on CFHT with a 1 hour exposure, giving galaxies to 
R'~24.5. Objects were found using the PISA software pro- 
vided by Starlink. Galaxies were separated from stars using 
the ratio between the aperture magnitude of each object to 
its peak count in any one pixel. Stellar objects have an ap- 
proximately constant ratio with the more diffuse galaxies 
forming a distinct population. Plots of peak counts against 
magnitude can, therefore, be used to separate galaxies from 
stars as in figure hi 

Regions of the image contaminated by bright stars are 
excluded. The total area of overlap between residual (ie un- 
masked) XRB and useful R-band image is 0.052 degree'^, 
approximately 26 per cent of the 15 arcmin radius region of 
the Deep Survey image. For this study, we use galaxies with 
18<R<23. At fainter levels, the separation between point- 
like and extended objects becomes uncertain (see figure 111), 
and at brighter levels, the number density of galaxies be- 
comes small and field-to-field fluctuations would dominate 
any conclusions about the XRB as a whole. In total, the 
overlap region contains 1451 galaxies within this magnitude 
range. 

The cross-correlation method is similar to that of 



et al. 



Roche 



(1995). The number of X-ray photons per pixel (2 
arcsec square) in a series of annuli from 9 to 6 + A9 around 
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each galaxy is obtained and the number expected from a 
random distribution normalised to the mean intensity of the 
masked image is subtracted. The contribution from all the 
galaxies is then averaged: 



x^M 



N,al A{6) 



(1) 



where Xxg{6) is the X-ray photon/galaxy cross-correlation 
signal for aperture 9 (in photons galaxy"^ arcsec"^), Ngai 
is the number of galaxies in the overlap region, N^dd) is 
the number of X-ray photons within the aperture around 
a particular galaxy, Np{6) is the number of pixels in the 
aperture, Nx is the average number of X-ray photons per 
pixel and A{9) is the area of the aperture in arcseconds. 

It should be noted that for larger annuli, the area of the 
X-ray image covered, and hence the number of galaxies that 
contribute to the cross-correlation, is slightly larger than the 
values given above. 



2.1 Error estimation 



Roche ei al. (199, 



estimate errors on A'xg(S) using a boot- 
strap technique, but this does not take into account the 
problems associated with spurious apparent correlations 
produced by the auto-correlation functions of the distribu- 
tion of unmasked X-ray photons and the regions excluded on 
the R-band CCD image. We have, therefore, performed a se- 
ries of Monte Carlo simulations to estimate the significance 
of our results. 

Two sets of simulations were performed, both using 
the actual, masked distribution of X-ray photons, but ran- 
domising the distribution of galaxies in different ways. In 
both cases those regions of the CCD image excluded were 
matched to the actual data. 

For the first set of simulations, galaxy positions were 
chosen entirely at random until the observed number of 
galaxies were obtained. However, although these simulations 
will include the effects of the CCD selection, and X-ray 
source masking and photon auto-correlation, they will not 
include any effect from the galaxy-galaxy angular correlation 
function. In order to estimate whether this effect is signifi- 
cant, we performed a further series of simulations. In these, 
instead of entirely random galaxy positions, we divided the 
actual galaxy distribution into a set of 54x66 arcsec "boxes" 
and shuffled these boxes around at random. 

A comparison of these two methods is shown in figure bl 
There is no significant difference between the two, indicating 
that the effect of the galaxy-galaxy correlation function on 
these scales is negligible. For the rest of the paper, we will 
only consider the results from the first set of Monte Carlos 
(ie those with entirely random galaxy positions). 



3 RESULTS 

The cross-correlation signal seen for all galaxies with 
18<R<23 is given in figure Q together with the mean and 1-cr 
scatter of the Monte Carlo simulations. There is a significant 
correlation above that expected from a random distribution 
of galaxies out to a radius of ^ 1 arcmin. 

We can estimate the fraction of the unresolved XRB in 



^ Random galaxies 
■ Shuffled boxes 




10 100 

Aperture/Annulus radius (arcsec) 

Figure 2. A comparison of the two different methods of Monte 
Carlos simulations used. The stars show the means of 100 simu- 
lations using randomly positioned galaxies, and the filled boxes 
the means for a similar number of simulations where "boxes" of 
observed galaxy positions have been shuffled (see text) . The error- 
bars show the 1-cr scatter in the simulations and the "shufHed" 
points have been moved slightly to the right for clarity. 
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Figure 3. The cross-correlation of 18<R<23 mag galaxies with 
the unresolved 0.5-2keV X-ray background in a series of annuli. 
The solid line shows the actual cross-correlation and the dashed 
line, the mean result of a series of simulations using the actual 
residual X-ray background image but a random distribution of 
galaxies. The error-bars show the l-tr scatter of the simulations 
about the mean. 
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this field associated with galaxies by taking a 1 arcmin ra- 
dius aperture around each galaxy and summing up the total 
number of X-ray photons detected in each aperture above 
that expected from a random distribution. The random ex- 
pectation in each aperture will be affected by the masking 
of both the X-ray and optical images and so was determined 
from a set of simulated PSPC images. Once an initial esti- 
mate of the contribution was determined, the process was 
repeated but this time the simulated X-ray images were cre- 
ated with a corresponding fraction of the X-rays associated 
with galaxies. This process was iterated until convergence 
was reached. The scatter in the counts for the final simula- 
tions was then used to estimate an error on the contribution 
to the residual XRB. We find that 67 ± 9 per cent of the 
unresolved XRB photons are associated with galaxies. 

However, this result does not take into account any clus- 
tering of galaxies on scales up to 1 arcmin. If such clustering 
is present, this photon excess will be an over-estimate since 
each galaxy will produce a correlation with the X-ray emis- 
sion of its clustered companions. We ca n approximately cor - 



rect for this, following the procedure of Roche et al. (1995), 
by dividing the excess number of galaxy-photon pairs by 
1 + N'gg{6 < 1 arcmin) /A'^gai where N'gg{6 < 1 arcmin) is the 
excess number of galaxy-galaxy pairs with separation less 
than 1 arcmin and A^gai is the total number of galaxies. Ap- 
plying this correction reduces our result to 35 ± 5 per cent 
of the unresolved XRB associated with galaxies (where the 
error is only from the scatter in the simulations). However, 
it is important to realise that this is only very approximate 
and, in particular, is based on the average galaxy-galaxy 
correlation. If X-ray emission is preferentially associated (or 
disassociated) with clustered regions, this correction will be 
an under- (over-) estimate. We will return to this question 
later. 

there are two fur- 



As discussed by Roche et al. J199> 



ther effects which may lead to overestimation of the contri- 
bution: (i) X-ray emission from galaxies with R>23 clustered 
with the R<23 galaxies and (ii) correlation from galaxies 
clustered with X-ray emitting QSOs. Both of these effects 
are very difficult to quantify. An R=23 galaxy just below the 
detection limit of the survey (2x 10~^^ erg cm~^ s~^) would 
have an X-ray to R-band luminosity ratio of Lx/Lr~0.8, 
which is consistent with the NELGs resolved in the sur- 
vey which have 0.003 ^ Lx/Lr ^ 1.5. However, the num- 
bers of such objects, and the exten t to which they cl uster 
with brighter galaxies is not known. Roche et al. (1996) and 
Almaini et al. | (1997) attempt to account for (i) and the 



clu stering of observed galax ies using a formalism developed 
by Treyer and Lahav (1999). However, this method, which 
models the evolution and clustering of the X-ray sources, 
is sensitive to a number of assumptions. In particular, it is 
assumed that the galaxies are all drawn from a single pop- 
ulation of X-ray sources with Lx oc Lopt for all galaxies at 
all redshifts. However, here we would expect our catalogue 
of galaxies to contain a combination of "normal" galaxies 
(log[Lx/Lopt] ^ -2), NELGs (log[Lx/ Lopt1 ^ 1) and clus- 
ters of galaxies (log[Lx /Lopt] ^ 1.5) (eg M'^Hardy et al. 1998 
and Stocke et al. 1991). In addition, variations in the models 
for the clustering and evolution of the galaxies can a dd large 



uncertainties to the formalism (Almaini et al. 199 



n 
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Figure 4. As figure hi but for galaxies with 18<R<22. 
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Figure 5. As figure BI but for galaxies with 22<R<23. 



lar to that of galax y-galaxy clustering and the X-ray emis- 



It has been seen (eg Smith, Boyle and Maddox 199! 



that galaxy clustering around X-ray selected AGN is simi- 



sivity estimated by Roche et al. (1995) from their correla- 
t ion is larger than that found for the lo cal AGN emissivity 
(Miyaji, Lahav, Jahoda and Boldt 1994), and so they choose 
to neglect possible contamination from AGN associated with 
clustered galaxies. However, from these arguments alone, it 
is not possible to exclude a significant fraction of the ob- 
served correlation being due to this effect, particularly since 
the emissivity must be calculated assuming that the effect 
is negligible. 

We have, therefore, repeated the correlation analysis 
with the galaxies divided into "bright" (18 < R < 22 — 686 
galaxies) and "faint" (22 < R < 23 — 765 galaxies) popula- 
tions thereby probing different redshift distributions. The 
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results are shown in figures W and H for "bright" and "faint" 
galaxies respectively. The angular distribution of the corre- 
lation signal is clearly very difi'erent in the two cases with the 
correlation from the fainter galaxies being dominated by an- 
nuli of <10 arcsec, and the brighter galaxies contributing on 
larger angular scales. We will return to this in section m It is 
important to realise that these two measurements, although 
based on distinct populations of galaxies, are not indepen- 
dent. Clearly, any contribution from clusters of galaxies and 
galaxies associated with QSOs will affect both correlations 
and the "bright" correlation will contain a signal from clus- 
tering around X-ray emitting galaxies with R>22. 



4 DISCUSSION 

We can get some idea of the possible contribution to the 
correlation from QSOs by extrapolating the distribution 
of identified sources in the Deep Survey below the fiux 
limit. Us ing fits to the source c ounts as a function of fiux 
given in M'^Hardy et al. (1998) we find that a simple ex- 



trapolation would resolve the entire XRB at a flux of ~ 
1 X 10^^^ erg cm~^ s~^. Extrapolating the QSO fit down to 
this limit gives an additional contribution to the unresolved 
XRB of 6 per cent. However, the fit is not well constrained 
and extrapolating the 1-a upper confidence limit to the fit 
gives 37 per cent. Obviously, extrapolation of a simple linear 
fit over such a large flux range is somewhat unreliable, but 
given the increasing significance of NELGs at fainter fluxes 
in identifled surveys, it is clear that broad-lined QSOs are 
not likely to be the sole, or maybe not even dominant con- 
tributor to the unresolved XRB. Of course, this does not 
rule out an AGN-like origin for the X-rays since any X-ray 
galaxies contributing to the correlation signal could be low- 
luminosity or obscured AGN. 

Nevertheless, the angular distribution of the "bright" 
and "faint" correlation signals may indicate a clustered en- 
vironment for a large fraction of the X-ray emitting objects. 
We can exclude the possibility that the correlation at larger 
angles is due to the correlation with residual photons in the 
wings of the "masked" sources since this should account for 
less than 1 per cent of the residual XRB photons. However, a 
handful of the know n X-ray objects are id entifled with small 
clusters of galaxies (M'^Hardy et al. 1998) and these will be 



slightly extended. We therefore repeated the correlation us- 
ing larger masks around each source (sufficient to mask out 
all but 0.01 photons from a point source) but observed no 
significant difference in the correlation. 



4.1 The angular form of the cross-correlation 

The angular form of the cross-correlation signals that we see 
will depend on both the point spread function (PSF) of the 
PSPC instrument (see figure m and the angular correlation 
between galaxies and X-ray sources (whether galaxies them- 
selves, QSOs or emission from hot gas in galaxy clusters). 

Unfortunately, we cannot measure this angular corre- 
lation since we do not know which are the X-ray sources. 
However, we can measure the overall galaxy-galaxy correla- 
tion (A^g) for the different magnitude ranges as shown in 
figure m These results show a qualitatively similar form to 



X corr, (arbitrary scale) 

PSF: on-axis 

PSF: 15' off-axis 




1 10 100 

Radius (arcsec) 

Figure 6. The encircled energy as a function of angular radius 
for the PSPC point spread function (PSF). The two dashed lines 
arc the encircled ener gies of a gaussian model of the PSF from 
Hasinger et al. (1993) for an on-axis point source (dashed line) 



and a point source 15 arcmin off-axis (dot-dash). Both are evalu- 
ated at an energy of IkeV. The cross-correlation from figure ra is 
shown for comparison (solid line — arbitrary scale). 



those of the X-ray/galaxy cross-correlations (figures H to Bl) 
but here, the A'gg peak is at small radii is for the "bright" 
galaxies, with a broader distribution for the "faint" galaxies. 
Clearly, the correlation between galaxies and X-ray sources 
can only be crudely approximated by the overall galaxy- 
galaxy correlation. 

However, the angular form of the X-ray/galaxy correla- 
tion signal that we see is not well described by correlation 
with unclustered galaxies. This can be seen from simulations 
where a given fraction of the residual XRB is associated with 
randomly distributed galaxies. We have created a number 
of these simulations for a range of XRB contributions. The 
distribution of fluxes of X-ray sourc es is taken from an ex - 
trapolation of the source counts in Nf^Hardy et al. |( |1998 ) 
and sufficient of these sources are associated with randomly 
distributed galaxies to produce a known fraction of the resid- 
ual XRB. X-ray sources with fluxes above the limit of the 
Deep Survey data (2 x 10~^^ erg cm~^ s~^) are masked out 
in the same way as the real data and the CCD masking and 
edge-effects are reproduced. 

Results for two typical simulations are given in figure fil 
In both cases, 60 per cent of the unresolved XRB was as- 
sociated with galaxies (approximately matching the uncor- 
rected value calculated in section H) . Although the variation 
between simulations is large, in all cases the simulation is 
more "peaked" than the observed correlation — ie it has 
a higher fraction of its correlation in small apertures. To 
quantify this, we define the statistic V : 



P = 



X{0, 10 arcsec) 



(2) 

X(10 arcsec, 1 arcmin) 

where X {81,62) is the sum of the apertures with radii 
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Figure 8. Two realisations of simulated cross-correlations with 60 per cent of the residual X-ray photons associated with (random) 
galaxies. Each panel shows the results of one simulation. The A'xg signal for the simulated data set is shown with the solid line, and the 
dot-dashed line shows the observed correlation from figure M for comparison. The error bars are those from the Monte Carlo simulations 
also shown in figure H and give an estimate of the errors on each aperture, although they should be considered indicative only. 



9i<9<92. For the observed correlation we find Po^s — 0.93 
whereas for 50 simulations, with an imposed residual XRB 
contribution from galaxies of 60 per cent, we find "Psim ~ 
1.91 ± 0.35 where the error is the 1-cr scatter of the sim- 
ulations. Clustering, therefore, clearly plays a role in the 
angular form of the signal that we see. 



4.1.1 X-ray emission from clusters of galaxies 

One obvious possibility for some of the X-ray/galaxy cross- 
correlation signal is emission from the hot gas in the intra- 
cluster medium of galaxy clusters or groups. If we assume 
that the X-ray emission from such a cluster at a moderate 
redshift (eg z ^ 0.3) is well approximated by a point source 
in the PSPC, we would expect the form of the cross corre- 
lation in a series of annuli of inner and outer radii 9i and 92 
respectively, W{9i,02), to be approximately described by: 



W{9u92) 



Ng {91,62) P{9i,e2) 
Ng{0,eA) ^ P(0,oo) 



(3) 



92 ) is the number of galaxies expected from the 
cluster in the annulus between 9i and 92, 9a is the Abell ra- 
dius and P{9\,62) is the fiux expected in an annulus around 
a point source in the PSPC. The two denominators are nor- 
malising terms which remove the dependence on the Abell 
richness and X-ray fiux. 

The observed galaxy densit y distribution of clusters is 
well described by a King model (Sarazin 1986): 



oo 



! + ■ 



(4) 



where cr(r) is the projected density of galaxies at radius 
r in Mpc, ctq is the central density of galaxies and re is 
the core radius of t he cluster in M pc. We adopt a value 
re = 0.25 hJo^ Mpc ( [BahcaU igTs] ). Evaluating eqn. || for 
the on-axis PSPC point spread function for clusters at a 
range of redshifts (Ho=50) we obtain the results in figure bl 
The form of W{9i, 62) is largely independent of redshift and 
is very similar to that seen for the "bright" galaxy/X-ray 
correlation (figure M). This may indicate that a significant 
fraction of this correlation signal is due to X-ray emission 
from within clusters or groups of galaxies. The same signal is 
not seen for the "faint" galaxy /X-ray correlation. This may 
be due to a dilution of the signal from foreground and back- 
ground galaxies at these magnitudes. However, we would 
not necessarily expect to see the same distribution for the 
"faint" sample since, although there is no strong dependence 
on redshift, the King model given in equation ^ is a good 
approximation only for the distribution of cluster galaxies 
with magnitudes m < (ma -I- 2) where ms is the third ranked 
cluster member. However, the "faint" sample covers a range 
of only 1 magnitude, and so the King model is not applica- 
ble. 



5 CONCLUSIONS 

A significant correlation signal is seen between the distribu- 
tion of photons in the unresolved XRB and the positions of 
faint galaxies. However, it is impossible to reliably determine 
the source of the X-rays, with NELGs, hot intra-cluster gas 
and QSOs within clusters all likely candidates. The angu- 
lar form of the correlation signal for the brighter galaxies is 
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very similar to that expected for emission from clusters over 
a range of redshifts, but the same signal would clearly be 
seen for QSOs or NELGs at the centres of clusters. Never- 
theless, the increasing importance of NELG sources at the 
fainter end of optically identified X-ray surveys and the ex- 
trapolation of the observed QSO source counts to fainter 
fluxes both imply that a significant fraction of the signal 
should come from sources other than QSOs. 

Comparison with simulations indicates that the corre- 
lation signal is enhanced by clustering of galaxies. Although 
the angular form of this signal is consistent with emission 
from the hot gas in moderately distant clusters of galaxies, 
the angular scales are comparable to that of the point spread 
function of the instrument, so no firm conclusions can be 
drawn. Also, from the current data, we cannot distinguish 
between X-ray emission from an intra-cluster medium and 
emission from individual X-ray objects associated with clus- 
tered environments. It is also important to remember that 
these results are drawn from a single X-ray observation. Al- 
though the magnitude of the observed signa l is comparible 



to th at of other, less-deep observations (eg Almaini ei al. 
1997), the angular form of the signal is different. 

However, it is clear from these results that the unre- 
solved XRB beyond the resolution limit of the faintest X- 
ray surveys has a significant contribution from faint X-ray 
galaxies. 



Figure 7. The galaxy-galaxy cross-correlation for galaxies with 
18<R<23 (top), 18<R<22 (middle) and 22<R<23 (bottom). In 
each case, the solid line shows the measured signal and the dashed 
lines and error bars, the average and 1-cr scatter of a set of sim- 
ulations using randomly selected galaxy positions but the CCD 
masking and edge-effects of the actual data. A strong positive 
signal is seen above the random expectation in each case. 
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Figure 9. Estimated correlation signal from galaxy clusters at 
a selection of redshifts. 
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